1. Introduction {#s0005}
===============

In December 2019, a severe pneumonia outbreak by Severe Acute Respiratory Syndrome associated coronavirus (SARS-CoV-2) had supervened in Hubei province, Wuhan, China \[[@bb0005],[@bb0010]\]. Among the viruses that belong to Coronaviridae family and pathogenic to human beings, the SARS-CoV-2 has been identified as the third virus after SARS-CoV and Middle East Respiratory Syndrome associated coronavirus (MERS-CoV) to create a pandemic situation \[[@bb0015]\]. The SARS-CoV-2 belongs to the family Coronaviridae. Genealogical examination of the SARS-CoV-2 revealed that it belongs to the genera beta coronavirus and exhibited 96% homology sequence similarity with Bat SL-CoV; whereas, the bat is an intermediate host or not needs to be elucidated \[[@bb0010]\]. The diameter of SARS-CoV-2 ranges between 50 and 200 nm \[[@bb0020]\].

This virus possesses four distinct proteins that provide the virus its structure. The outermost layer consists of glycoprotein spikes followed by an envelope, a membrane, and a nucleocapsid layer towards the inner side. The nucleocapsid layer holds the viral genome, RNA. The nucleocapsid layer, envelope, and the spike membrane provide a protective layer for the viral genome \[[@bb0025]\]. The RNA of CoVs is a single-stranded positive-sense RNA (+ssRNA), which is \~30 kb possessing 5′-cap and 3′-poly-A tail \[[@bb0030]\]. After entering the host cell, the SARS-CoV-2 undergoes replication by using the host\'s machinery and synthesizes N, M, E, and S structural proteins. The negative strand of the RNA genome is produced using a positive-strand as a template. At the time of the process of replication in the host cell, the M protein attaches to the membranes of the endoplasmic reticulum, and the N protein binds to the genome. Nsp proteins help the RNA to assemble into a helical structure which enters the lumen of the endoplasmic reticulum. The viral progenies produced undergo exocytosis and enter the extracellular space \[[@bb0035]\].

Dr. TedrosAdhanom Ghebreyesus, Director-General of world health organization (WHO) on February 11, 2020, has declared the name of the pandemic condition as coronavirus disease-19 abbreviated as COVID-19. The symptoms of COVID-19 include infection to the lower respiratory tract, pneumonia ranging from mild to severe, dry cough, lymphopenia, fever, and fatigue \[[@bb0030],[@bb0040]\]. Upon mild infection, the patients present dry cough, vomiting, diarrhea, fatigue, and fever as symptoms whereas in case of severe infection, one week later the disease onset the condition of the patient may worsen resulting in hypoxemia, septic shock, acute respiratory distress syndrome (ARDS), metabolic diseases and may also lead to death in some cases \[[@bb0045]\]. Apart from the epidemic condition created by the coronavirus, it has been found that the affected individuals, along with other comorbidities such as cardiovascular diseases, type 1 and type II diabetes, and renal diseases, are found to be severely ill compared to the individuals infected only by the coronavirus. The controversy has been raised when Lei Fang, a postdoctoral researcher, and his colleagues suggested that "Patients with cardiac diseases, hypertension or diabetes who are treated with ACE2-increasing drugs are at higher risk for severe COVID-19 infection and, therefore, should be monitored for ACE2-modulating medications, such as angiotensin-converting enzyme inhibitors (ACEi) or angiotensin receptor blockers" \[[@bb0050]\].

In response to the above statement, the European Society of Cardiology on March 13 and the American College of Cardiology, the American Heart Association, and the Heart Failure Society of America endowed a common statement on March 17 which mentioned that "since there is no scientific evidence behind ceasing the usage of ACEi and angiotensin type II receptor blockers (ARBs) for the patients affected by COVID-19 possessing other comorbidities such as high blood pressure, diabetes mellitus, cardiovascular problems and renal diseases" \[[@bb0055]\]. The pandemic condition caused by SARS-CoV-2 has brought a whole world to lockdown. To safeguard the human, from the deadly virus, a lot of research has been carried out.

2. Mechanism of the pathogenesis of COVID-19 {#s0010}
============================================

The ACE-2 enzyme is found bound to the cell membranes of the cells in the regions of the heart, lungs, kidney, intestines, and arteries \[[@bb0060]\]. This enzyme\'s function is to degrade the angiotensin II peptide, which acts as a vasoconstrictor \[[@bb0065]\]. Therefore, the ACE2 enzyme is considered to be a potential vasodilator. The SARS-CoV-2 virus binds with the ACE-2 receptor, which mediates the virus\'s entry into the host cells \[[@bb0070]\] via the plasma membrane or endocytosis through the release of proteases \[[@bb0010]\]. The activated immune cells secrete chemokines and inflammatory cytokines into the endothelial cells of pulmonary arteries \[[@bb0075]\]. The angiotensin-converting enzyme (ACE) is required to convert angiotensin I to angiotensin II \[[@bb0080]\]. The angiotensin II produced results in vasoconstriction upon the activation of angiotensin II receptors due to which there is an increase in blood pressure \[[@bb0085],[@bb0090]\]. Therefore, ACEi and ARBs are used as anti-hypertensive treatment options \[[@bb0090]\] ([Fig. 1](#f0005){ref-type="fig"} ).Fig. 1The abnormal activation of the Renin-Angiotensin-Aldosterone system (RAAS) pathway via the ACE-AngII-AT1R axis results in vasoconstriction (hypertension) which is treated by the usage of angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs). Since ACE2 is also the binding receptor for SARS-CoV-2 and enhances the viral entry, replication decreases the level of the ACE2, leading to reduced anti-atrophy and anti-fibrosis anti-inflammation, anti-oxidant, and vasodilation further leads to decreased tissue protection. On the other hand, there is a pro-atrophy, pro-fibrosis, pro-inflammation, vasoconstriction, pro-oxidant, and acute lung injury via angiotensin II type 1 receptor which leads to tissue injury.Fig. 1

3. Endemic coronaviruses {#s0015}
========================

There are seven types of HCoV identified till date out of which four of them usually results in mild acute respiratory illness \[[@bb0095]\]. The four types of HCoV are HCoV-229E (α-CoV), HCoV-NL63 (αCoV), HCoV-OC43 (β-CoV), and HCoV-HKU1 (β-CoV) \[[@bb0100]\]. The severity of HCoV induced upper respiratory tract infection may range from mild to severe, depending upon the individual\'s age. And also, those people already having problems related to lung and cardiac may exhibit severe infectious conditions \[[@bb0105]\]. The remaining three viruses SARS-CoV, MERS-CoV, and SARS-CoV-2, are found to be deadly pathogenic, causing ARDS, hepatic diseases, intestinal diseases, multiple organ failure, and eventually, may lead to death in severe cases \[[@bb0110], [@bb0115], [@bb0120]\].

4. Severe Acute Respiratory Syndrome associated coronavirus (SARS-CoV) {#s0020}
======================================================================

The SARS- epidemic occurred in the Guangdong Province of Southern China in November 2002 and had spread over \>30 countries resulting in 774 deaths \[[@bb0125]\]. The disease transmission was most likely associated with a zoonotic occurrence in the wild animal markets in China. Bats are considered to be the reservoir hosts for coronavirus. It was reported that civet cats were the intermediate hosts that contacted bats before being sold in the animal market \[[@bb0125]\]. Soon after the isolation of SARS-CoV, SARS-CoV-like viruses were found in Himalayan palm civets and raccoon dogs, with 99.8% nucleotide homology for human SARS-CoV \[[@bb0130]\]. SARS-CoV transmission is mainly through direct contact person-to-person, through respiratory droplets, with an incubation time of 2 to 11 days after exposure \[[@bb0100]\].

Initially, the disease shows muscle aches, headache, diarrhea, chills, and fever as symptoms. After the incubation period, the patient will be present with shortness of breath, dry cough, and high fever, further resulting in severe pneumonia, which may lead to death in some cases. The severity of the disease depends upon factors such as age and other health problems such as cardiovascular diseases, hepatitis, and diabetes mellitus \[[@bb0135]\]. The SARS-CoV is a member of a β-CoVs group and binds with the ACE2 (zinc peptidase) to make its entry into the host cell. The ACE2 is present on the endothelial cells of respiratory tract epithelium, small intestinal epithelium, epithelia of respiratory tract, immune cells, arterial smooth muscle, arteries, and veins \[[@bb0140], [@bb0145], [@bb0150]\].

4.1. SARS-CoV -- cardiovascular risk {#s0025}
------------------------------------

It was reported that SARS induced myocardial infarction and acute coronary syndrome \[[@bb0155],[@bb0160]\]. A small group of 75 patients infected with SARS had shown that 2 of the five patients died due to acute myocardial infarction \[[@bb0160]\]. In another study which was conducted among 46 patients infected with SARS indicated that there were no significant changes in the initial stages of infection and, after 30 days, didn\'t show any risks related to the cardiovascular system. In another study conducted on 121 patients, it was reported that patients had other comorbidities such as cardiovascular diseases, hypotension, and transient cardiomegaly, particularly tachycardia and transient paroxysmal atrial fibrillation and most importantly tachycardia \[[@bb0165]\] (represented in [Table 1](#t0005){ref-type="table"} ).Table 1Differentiating SARS-CoV, MERS-CoV, and SARS-CoV-2 based on the impact of manifestations posed by them at various organ levels.Table 1TargetSARS-CoVMERS-CoVSARS-CoV-2ACE2 receptorDPP4 receptorACE2 receptor1.HeartHypotension, transient cardiomegaly, tachycardia, transient paroxysmal atrial fibrillation, myocardial infarction, acute coronary syndromeElevated troponin levels, a chronic severe 3-vessel disease with no acute vessel closure characterized by coronary angiographyDecreased levels of ACE2 receptor and increased troponin, resulting in cardiac arrest and cardiac injury.2.LungsHepatization, severe lung consolidation, edema with pleural effusion, mucopurulent material in the tracheobronchial tree, focal hemorrhage, alveolar and septal fibrosis, edema, alveolar hemorrhage, fibrin exudation in alveolar spaces, hyaline membrane formation, and extreme bronchiolar injury indicate the acute phase.Acute respiratory distress syndrome, septic shock, the mild upper respiratory illness may result in swiftly growing pneumonitis, respiratory failureSevere acute respiratory syndrome (SARS), acute respiratory distress syndrome (ARDS), focal reactive hyperplasia of pneumocytes with patchy inflammatory cellular infiltration, edema, multinucleated giant cells, protruding hyaline membranes, and proteinaceous exudate.3.KidneyAcute renal impairment--Proteinuria, hematuria, acute kidney injury (AKI)4.LiverHepatitis, liver injury characterized by elevated ALT, and AST levelsDisintegrated death of hepatocytes in the hepatic sinus, penetration of large amounts of activated macrophages and Kupffer cells, elevated pro-inflammatory cytokine responses, and lobular lymphocytes infiltrate, mild cellular hydropic degeneration in hepatic parenchyma and mild portal tract and liver damage indicated by elevated ALT and AST levels.Liver injury characterized by elevated ALT, GGT, and AST levels. Decreased bilirubin levels.5.Gastrointestinal tract----Viral load found in the cytoplasm of epithelia of duodenum and rectum, nausea, and diarrhea.6.Central nervous systemVision-related issues, the chemotactic attraction of immune cells by the infected brain cells, the presence of a chemokine called Mig found in the patient\'s brainFever, vomiting, confusion and ataxia, bilateral basal ganglia, deep white matter, large area of hypodensity in the proximal half of the corpus callosum up to the mid part of his body and interval multiple patchy hypodensities bilaterally in the periventricular, acute infarction, and bilaterally in the deep watershed and the parasagittal region as well as scattered foci in the cortical and subcortical regions of the temporal and parietal lobesNausea, vomiting, and headache

4.2. SARS -- diabetes mellitus {#s0030}
------------------------------

A study was carried out on 26 SARS affected patients. It revealed that the patient\'s age and other comorbidities such as diabetes, hyperglycemic condition, percentage of lymphocyte, the extent of lung infection, and liver damage were distinct to be taken into consideration. Most of the SARS affected patients who died were old and had other health issues, whereas young patients recovered and didn\'t exhibit any abnormal health conditions. Out of 26 patients, 11 patients were old and already had diabetes and secondary hyperglycemia. Whereas out of the 15 patients, three patients died, and the remaining 12 patients survived were young \[[@bb0170]\].

4.3. SARS -- kidney risk {#s0035}
------------------------

SARS virus sequences were found in the distal renal tubules of the epithelium, and aggregates of viral fragments were noticed in the cytoplasm of distal tubular epithelium. The focal hemorrhagic condition was observed in the kidneys of the patients infected by SARS \[[@bb0175]\] (represented in [Table 1](#t0005){ref-type="table"}). In a study that was conducted among 536 patients infected with SARS, 6.7% of the affected individuals exhibited acute renal impairment 20 days after the infection. Most of the people who died were infected with SARS and had renal impairment than those without renal impairment. Acute renal impairment resulted in the disturbance of pre-renal factors, thereby resulting in multi-organ failure. Age and acute respiratory distress syndrome were the two risk factors determining the progression of acute renal impairment in SARS affected individuals \[[@bb0180]\].

4.4. SARS-CoV-liver risk {#s0040}
------------------------

The elevated ALT and AST levels indicate liver damage, which was evident in SARS-CoV infected individuals right from the initial stages of infection. Also, the bilirubin levels were elevated, and the albumin levels decreased, indicating the hepatic damage. Also, the degree of hepatic damage depends on the severity of the disease \[[@bb0185], [@bb0190], [@bb0195], [@bb0200], [@bb0205], [@bb0210]\]. The ACE2 receptor, which is responsible for the SARS-CoV entry, is widely distributed on the hepatic tissue\'s endothelial cells. The existence of the viral genome in the vascular endothelial cells and parenchymal cells indicates that SARS-CoV infects the lungs and other organs. The presence of viral load in the hepatic cells was confirmed using RT-PCR technique \[[@bb0060],[@bb0070],[@bb0185],[@bb0215]\]. Also, the SARS-CoV specific protein 7a has shown to be responsible for causing apoptosis not only in the lungs but also in the other organs, including the liver through the caspase-dependent pathway, thereby resulting in liver injury \[[@bb0220]\].

The levels of pro-inflammatory cytokines were increased, which indicates that SARS-CoV also results in the inflammation \[[@bb0210]\]. It was also noted that SARS-CoV patients with predisposed hepatitis were more vulnerable to severe SARS-CoV infection due to the reason that the hepatitis virus exhibits exaggerated replication during SARS-CoV infection \[[@bb0225]\]. Sometimes, the drugs used to treat viral infections may also lead to liver injury, which is termed as drug-induced liver injury \[[@bb0185]\].

4.5. SARS-CoV-lung injury {#s0045}
-------------------------

The lungs of SARS-CoV infected patients were examined for histological and pathological changes due to the viral infection \[[@bb0175]\]. The histological changes include hepatization, severe lung consolidation, edema with pleural effusion, mucopurulent material in the tracheobronchial tree, focal hemorrhage, which was presented by the SARS-CoV affected patients \[[@bb0175],[@bb0230], [@bb0235], [@bb0240]\]. The pathological changes include vascular edema, vascular injury, including small vessel vasculitis \[[@bb0245]\], desquamation of squamous metaplasia, and epithelial cells \[[@bb0250]\], pulmonary infarcts and vascular fibrin thrombi \[[@bb0255]\]. BOOP-like lesions such as the proliferation of fiber granulation tissue in alveolar spaces located subpleural and small airways. Also, the severity of the clinical manifestations depends on the stage of disease or onset of the disease which has been classified into three stages., edema, alveolar hemorrhage, fibrin exudation in alveolar spaces, hyaline membrane formation, and extreme bronchiolar injury indicate the acute phase, the first phase during the infection \[[@bb0250]\] (represented in [Table 1](#t0005){ref-type="table"}).

Secondly, the proliferative phase characterized by cellular fibromyxoid-organizing exudates, widening of septae, and pneumocyte hyperplasia \[[@bb0260]\]. Formation of alveolar and septal fibrosis, where the severity of the fibrosis depends on the onset and duration of the disease \[[@bb0245],[@bb0265]\].

4.6. SARS-CoV-CNS risk {#s0050}
----------------------

Coronaviruses share a common inclination in infecting the central nervous system in some cases. A case was reported where a 39 years old doctor who got infected with SARS-CoV exhibited usual symptoms and was hospitalized. After hospitalization, he was presented with eyesight problems and later started exhibiting central nervous system symptoms such as delirium and restlessness. After a month, he passed away. When his brain tissue was examined, this revealed the presence of SARS-CoV virus. The doctors reported that he might have got infected while treating the patients, and also the chemotactic attraction of immune cells by the infected brain cells might have injured the brain more than that of the viral infection. The chemotactic attraction was characterized by the presence of a chemokine called monokine induced by gamma interferon (Mig) found in the patient\'s brain and the bloodstream \[[@bb0270]\] (represented in [Table 1](#t0005){ref-type="table"}).

4.7. SARS-CoV-immunopathology {#s0055}
-----------------------------

The human coronaviruses connected with the viral infection, highly infiltration of inflammatory cells, an enhanced level of the pro-inflammatory, and cytokine storm response, resulting in lung injury at an acute level. This infection reduces the level of the anti-viral cytokines such as interferons (IFN-α/β); upregulation of the pro-inflammatory cytokines such as interleukin 6 (IL-6) and tumor necrosis factor (TNF) and upregulation of the inflammatory cytokines such as C---C Motif Chemokine Ligand 2 (CCL2), C---C Motif Chemokine Ligand 3 (CCL3), C---C Motif Chemokine Ligand 5 (CCL5) and C-X-C motif chemokine 10(CXCL10) \[[@bb0275],[@bb0280]\]. Macrophage infected with the SARS-CoV showed an elevated level of the other pro-inflammatory cytokines and IFN. Also, the epithelial cells infected with the SARS-CoV have an enhanced CCL2, CCL3, CCL5, and CXCL10 \[[@bb0280],[@bb0285]\].

Along with the chemokines and pro-inflammatory cytokine, there is an elevated level of the IFN inclusive of IFN-α and IFN-γ, stimulatory genes of IFN include CCL-2 and CXCL-10. There is an exacerbation of the IFN, chemokines such as TNF, IFN-γ, IL-6 and CCL5, pro-inflammatory cytokines and stimulatory genes of interferon such as an interferon-induced protein with tetratricopeptide repeats 1) IFIT1, radical S-adenosyl methionine domain containing 2 (RSAD2) and CXCL10 in the TIR-domain-containing adapter-inducing interferon-β (TRIF) and toll-like receptors 3 (TLR3) deficient mice \[[@bb0290]\]. The deregulation of the cytokine or chemokine response causes the cytokine storm, leading to the immunopathological changes and the SARS-CoV infection.

5. Middle East Respiratory Syndrome associated coronavirus (MERS-CoV) {#s0060}
=====================================================================

In Saudi Arabia, in June 2012, a new virus outbreak took place, which caused fever, dry cough, and shortness of breath resulting in respiratory illness \[[@bb0295]\]. The disease spreads from person to person through direct contact with the infected person. It is believed that the MERS-CoV had originated from bats, and dromedary camels are intermediate hosts for transmitting the disease to humans \[[@bb0300]\]. The MERS-CoV belongs to the β group of coronaviruses, and it is a distinct virus from SARS and common flu viruses. The incubation period of this virus is 2--13 days, and it enters the human cells through serine peptidase, dipeptidyl peptidase4 receptors \[[@bb0140],[@bb0305]\]. The genome of MERS-CoV consists of a single positive-stranded RNA comprising 30,119 nucleotides and 11 open reading frames \[[@bb0310]\]. The clinical risk factors determining the mortality rate among MERS-CoV infected patients were age, sex, and comorbidities such as cardiovascular diseases, chronic renal diseases, hypertension, diabetes mellitus, cancer, and respiratory diseases \[[@bb0315],[@bb0320]\].

5.1. MERS-CoV infection along with other comorbidities {#s0065}
------------------------------------------------------

Metabolic disorder related conditions, for example, hypertension, diabetes, obesity, and cardiovascular diseases, together with their inclining conditions, can be connected etiologically to the pathogenesis of MERS-CoV. These conditions act to decline the innate immune system of the host, thereby the inability of the host to fight against the pathogenesis of MERS-CoV. A study conducted on 637 MERS-CoV patients revealed that 15% of them have diabetes, 16% of them are obese, 50% of them had hypertension, and 30% are predisposed to cardiovascular diseases \[[@bb0325]\]. A 57-year-old diabetic and the hypertensive patient exhibited myocardial ischemia besides edema in the pulmonary tract, elevated troponin levels which returned to normal after 48 h, a chronic severe 3-vessel disease with no acute vessel closure characterized by coronary angiography. Later, he didn\'t respond and became hypotensive with facial paralysis on the left side \[[@bb0330]\].

5.2. MERS-CoV-liver injury {#s0070}
--------------------------

The patients infected by MERS-CoV were also presented with alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels above normal. Besides the elevated liver enzymes, the albumin levels were decreased, which serves as an indicator of the severity of the disease \[[@bb0335], [@bb0340], [@bb0345]\]. The MERS-CoV enters the host cell through the DPP-4 receptor and spreads the infection \[[@bb0350]\]. The liver is the main organ that expresses high levels of Dipeptidyl peptidase 4 (DPP-4) \[[@bb0355]\]. This was experimentally proved by infecting the transgenic mice expressing hDPP4 with MERS-CoV which indicated that the liver injury had taken place on the 5th day of the infection as evidenced by the pathological manifestations such as disintegrated death of hepatocytes in the hepatic sinus, penetration of large amounts of activated macrophages and Kupffer cells. The changes related to fat metabolism were observed on the 9th day of infection, and the liver cell necrosis was quite less \[[@bb0360]\] (represented in [Table 1](#t0005){ref-type="table"}).

The histopathological findings of the hepatic tissue during MERS-CoV infection include infiltration of lobular lymphocytes, mild cellular hydropic degeneration in hepatic parenchyma, and mild portal tract \[[@bb0365],[@bb0370]\]. During the acute phase of infection, the levels of pro-inflammatory cytokines such as TNF-α, IFN-γ, IL-17, and IL-15 were significantly elevated \[[@bb0375]\]. But the question of whether liver injury initiated is due to the viral-mediated pathogenesis or due to the drugs that have been used during the viral infection remains elusive \[[@bb0185]\].

5.3. MERS-CoV-lung injury {#s0075}
-------------------------

The MERS-CoV viral infection mainly affects the lungs resulting in respiratory illness, which was confirmed by the clinical manifestations present in the affected patients which include acute respiratory distress syndrome, septic shock, the mild upper respiratory illness may result in swiftly growing pneumonitis, respiratory failure (represented in [Table 1](#t0005){ref-type="table"}). All these events may lead to multi-organ failure, eventually producing lethal effects \[[@bb0300],[@bb0380], [@bb0385], [@bb0390], [@bb0395], [@bb0400]\].

5.4. MERS-CoV-CNS risk {#s0080}
----------------------

A report presented 3 cases that were infected by MERS-CoV and exhibited abnormal neurological findings along with other predisposed co-morbid conditions. A 74 years old patient with co-morbid medical conditions, including dyslipidemia, diabetes, and hypertension, exhibited fever, vomiting, confusion, and ataxia three days later. Computerized tomography exhibited no acute changes whereas presented chronic lacunar strokes. The chest radiograph revealed infiltration in the mid-right lung zone. Decreased motor activity on the left side was observed. He was tested positive for MERS-CoV exhibiting respiratory illness, and then he was admitted to ICU. On day 24, after hospitalization, his medical condition improved confirmed by tracheostomy, which confirmed an improvement in the respiratory status of the patient. The CSF examination revealed lymphopenia and was tested negative for MERS-CoV-2 RT-PCR. In 57 years old patient infected with MERS-CoV exhibited neurological findings apart from other cardiovascular abnormalities. The neurological findings include bilateral basal ganglia, deep white matter, a large area of hypodensity in the proximal half of the corpus callosum up to the mid part of his body, and interval multiple patchy hypodensities bilaterally in the periventricular. MRI examination revealed occipital lobes with a restriction on the diffusion-weighted images (DWI) consistent with acute infarction, and bilaterally in the deep watershed and the parasagittal region scattered foci in the cortical and subcortical regions of the temporal and parietal lobes (represented in [Table 1](#t0005){ref-type="table"}).

The patient experienced multiple cardiac arrests, severe shock, and acute kidney injury and eventually expired. Forty-five-year-old patients with acute kidney injury, diabetes, and hypertension were tested positive for MERS-CoV, and CT scan findings revealed no acute abnormalities but exhibited similar findings consistent with encephalitis. The patient exhibited lymphocytopenia and was tested negative after a few days \[[@bb0330]\].

5.5. MERS-CoV-immunopathology {#s0085}
-----------------------------

Like the SARS-CoV, MERS also has an infection in the airway epithelial cells, which enhances the level of pro-inflammatory cytokines and IFN in a delayed manner \[[@bb0405]\]. Even in the cells of THP-1, macrophage-derived from the human peripheral blood, dendritic cells showed an elevated level of the chemokines such as CCL3, CCL2, IL-2, IL-8, and CCL-5 and pro-inflammatory cytokines in a delayed manner during MERS-CoV infection \[[@bb0410],[@bb0415]\]. The high level of the pro-inflammatory cytokine and chemokine associated with the enhanced level of the monocyte, neutrophil numbers in both the lung and peripheral blood, which leads to immune damage \[[@bb0420]\].

6. SARS-CoV-2 {#s0090}
=============

6.1. SARS-CoV-2 -- heart disease {#s0095}
--------------------------------

ACE2 plays a vital role in the cardiovascular system and is mainly involved in the functioning of the heart and development of hypertension and type II diabetes. Since ACE2 is the main target for the SARS-CoV-2 to enter inside the host cell and the ACE2 is also highly expressed in the heart apart from the lungs, indicating a chance of developing cardiac issues during SARS-CoV-2 infection. The anti-hypertensive therapy that has been prescribed for the patients is the usage of ACEi and ARBs should be carefully considered. The COVID-19 patients with comorbidities hypertension, taking the drug of ACEi or blocker of angiotensin receptor, need to switch off to other anti-hypertensive medications found to be controversial and require further studies this co-morbid conditions. The severity of the viral infection is higher in patients with comorbidities than those infected only by the virus without any predisposed health issue \[[@bb0425]\].

The interaction of the SARS-CoV-2 with ACE2 triggers a signal, which might be the reason to develop heart injury through the immune response triggered by T-helper cells creating a cytokine response. The SARS-CoV-2 has a structural similarity with that of SARS-CoV. SARS-CoV caused severe cardiovascular damage during its pandemic period. Therefore, it is essential to investigate SARS-CoV-2 treatment options and ensure a cardio-protective effect. The age and the predisposition of the acute coronary syndrome are the two critical factors which need to be considered in patients affected with COVID-19 \[[@bb0425]\].

Since the ACE2 is highly expressed in pericytes, the patients infected with SARS-CoV-2 and predisposed with cardiac failure are more susceptible to develop severe cardiac problems \[[@bb0430]\]. The usage of mineralocorticoids receptor blocker can attenuates oxidative stress, reduces the level of ACE with the augmented production of the angiotensin 1--7 and attenuates the angiotensin II generation and increases the activity of ACE2 The antagonist of angiotensin II type 1 receptor, have modulates the profilin-1 expression and ACE2 \[[@bb0435]\]. The selective of the angiotensin II activity or synthesis mediated the augmented level of ACE2 expression and its activity in cardiac. Still, the combination of the lisinopril and losartan increases the activity of ACE2 but not ACE2 mRNA. The inhibition of ACE results in reduced formation of angiotensin II and metabolism of angiotensin 1--7, the angiotensin II type 1 receptor antagonist increases the metabolism of angiotensin II via ACE2 \[[@bb0440]\]. SARS-CoV 2 enters into the cell via the ACE2 receptor; this causes the decreased level of the ACE2 due to the binding of the spike protein to the ACE2 and no changes in ACE. This process causes the virus\'s entry, replicates it, and causes tissue injury via decreasing anti-atrophy, anti0-fibrosis, anti-inflammation, anti-oxidant, and vasodilation. On the other hand, the angiotensin II type 1 receptor causes pro-atrophy, pro-fibrosis, pro-inflammation, pro-oxidant, severe myocardial remodeling, vasoconstriction and vascular permeability which leads to tissue injury \[[@bb0445]\] (represented in [Table 1](#t0005){ref-type="table"}).

Therefore, the use of ACEi, ARBs, and mineralocorticoids has shown to have an impact on the cardiac patients affected by COVID-19, but the exact mechanism behind it is not clear. Aliskiren, a direct inhibitor of renin, resulted in reduced expression of ACE2 besides reducing the blood pressure that has been elucidated in diabetic nephropathy animal models \[[@bb0450]\]. Therefore, renin blockers, especially aliskiren, need to be further investigated as a treatment option for COVID-19 patients with comorbidities \[[@bb0455]\].

6.2. SARS-CoV-2 -- gastrointestinal risk {#s0100}
----------------------------------------

The ACE2 is also highly expressed in the small intestine and large intestine of the gastrointestinal tract. The S protein present on the envelope of the SARS-CoV-2 ensures higher binding affinity, thereby mediating the entry of the virus into the host cell. The presence of SARS-CoV-2 in the gastrointestinal tract was confirmed by nucleocapsid staining of the virus. The virus was found to be visualized in the cytoplasm of epithelia of duodenum and rectum \[[@bb0460]\] (represented in [Table 1](#t0005){ref-type="table"}). Apart from the pulmonary infection, the COVID-19 affected patients also exhibited vomiting, abdominal pain, and diarrhea, which was first reported in a 35 years old man from the United States. He was presented with nausea and diarrhea on 2nd day of the infection and was hospitalized. Stools examination revealed the presence of SARS-CoV-2 RNA, which was confirmed by using reverse transcriptase-polymerase chain reaction (RT-PCR) on day 7 of infection \[[@bb0465]\]. Out of 171 COVID-19 affected children, 6.4% of them have shown vomiting, and 8.8% of them and 3 out of ten affected children have shown diarrhea as symptoms \[[@bb0470]\]. Also, previously there were two COVID-19 young cases reported with vomiting and diarrhea.

In China, from 552 hospitals, 1099 cases were reported, of which 3.8% and 5% were diagnosed with diarrhea and vomiting as symptoms \[[@bb0475]\]. According to another report, out of 140 COVID-19 patients from Wuhan, 39.6% exhibited gastrointestinal symptoms apart from 5% exhibiting vomiting, 12.9% exhibiting diarrhea, and 17.3% exhibiting nausea \[[@bb0480]\]. It was reported that 17 patients had shown a negative result when tested using pulmonary samples, but when tested using rectal swabs have shown to have a positive result \[[@bb0480]\].

Similarly, 8 out of 10 children affected by SARS-CoV-2 had shown dual results, negative results when tested by nasopharyngeal samples, and positive results when tested using a rectal swab \[[@bb0485]\]. The percentage of patients exhibiting nausea, vomiting, and diarrhea as symptoms vary between the cohort groups, whereas, in the case of certain groups, these symptoms contributed very few percent. In contrast, in the case of the other groups, a high percentage of these gastrointestinal symptoms have been recorded.

6.3. SARS-CoV-2- kidney risk {#s0105}
----------------------------

It is suspected that whether the patients with predisposed kidney issues or COVID-19 induced acute kidney injury is fatal to the affected patients. In an article posted on March 19 by HospiMedica International staff writers, it was mentioned that patients affected by COVID-19 developed proteinuria estimated by the elevated levels of albumin in urine were diagnosed in the initial stages of infection. The majority of the affected members, i.e., 34% out of 59 patients, developed proteinuria where the elevated albumin levels serve as a biomarker for kidney damage, and 63% of the patients exhibited proteinuria and hematuria characterized by the presence of blood in the urine. In another study conducted on 710 patients hospitalized due to COVID-19. The impairment in the functioning of the kidney was observed in 27% of the 59 patients and 66% of the corona infected patients. In a later study conducted on COVID-19 affected patients from 710 hospitals, 26.7% exhibited only hematuria, and 44% exhibited proteinuria and hematuria. The impaired kidney function was found in 15% of the study population \[[@bb0490]\].

According to an article published by Wang L and his colleagues reported that out of 116 COVID-19 positive cases from Renmin Hospital of Wuhan University, out of whom 111 didn\'t have any kidney issues in their history and the remaining five patients had chronic kidney disease (CDK). Also, out of the 111 patients, only 10.8% of the patients exhibited a slight increase in creatine or blood urea nitrogen levels, and 7.2% of the patients had shown a minute raise in the albuminuria levels. None of the patients out of 111 didn\'t exhibit any acute kidney injury (AKI) after the COVID-19 infection. The remaining five patients who were already undergoing continuous renal replacement therapy (CRRT) also didn\'t show any fatal effects after COVID-19 infection confirmed by diagnosing the renal indicators \[[@bb0495]\]. Out of 701 patients, 2% of the patients were found to have CKD, and the average lymphocytic number was found to be reduced than the normal. High sensitivity C-reactive protein levels were significantly increased. In patients reported with high levels of serum, creatine indicated high levels of serum lactose dehydrogenase. Among hospitalized patients, patients with high levels of serum creatine were mostly old and male sex. Also, they exhibited lower platelet and lymphocytic count and elevated leukocytic count. The patients with elevated procalcitonin also exhibited elevated levels of aspartate aminotransferase and lactate dehydrogenase. Acute kidney injury was significantly higher in those patients with high serum creatine levels. AKI eventually results in mortality \[[@bb0500]\] (represented in [Table 1](#t0005){ref-type="table"}). Therefore, advanced identification of kidney diseases in patients affected by COVID-19 may help the clinicians to reduce the mortality rate due to comorbidities such as chronic kidney disease, acute kidney injury, proteinuria, and hematuria.

6.4. SARS-CoV-2 -- diabetes mellitus {#s0110}
------------------------------------

Patients with diabetes mellitus exhibit high levels of ACE2, and treatment with the inhibitors of ACE and ARBs augments the expression of ACE2. Diabetes condition may lead to the suspicion that the excessive expression of ACE2 aids the entry of SARS-CoV-2 into the host cells resulting in COVID-19. Since diabetes mellitus and hypertension conditions are treated, ACE2 increasing drugs are having a severe risk of COVID-19 \[[@bb0050]\].

Simultaneously, the elevated expression of ACE2 ensures the entry of the SARS-CoV-2, attaching to the ACE2 enzyme with the help of S protein present on its envelope\'s surface. There forth, it became controversial whether COVID-19 affected patients who are predisposed with diabetes mellitus should be resumed with their treatment with ACEi and ARBs or not. Also, if the medication is abruptly ceased, there are chances that the patient may die due to hypertension instead of COVID-19. For this reason, it has been suggested that there is no need to stop the medication of a diabetic patient even though if he is affected by COVID-19 because there is no scientific evidence available conducted on human subjects regarding whether to use ACEi and ARBs \[[@bb0050]\].

6.5. SARS-CoV-2-liver injury {#s0115}
----------------------------

The SARS-CoV-2 infection has shown to increase the levels of ALT, AST, and bilirubin levels, indicating injury to the hepatic tissue \[[@bb0045],[@bb0475],[@bb0505],[@bb0510]\]. Apart from these liver serum enzymes indicating hepatic damage, the levels of albumin were significantly decreased, indicating the severity of the infection \[[@bb0505]\]. The elated levels of gamma-glutamyl transferase (GGT) were observed only in patients with severe cases. In contrast, thealkaline phosphatize (AKP) levels remained unchanged irrespective of the severity of the infection \[[@bb0185]\] (represented in [Table 1](#t0005){ref-type="table"}).

SARS-CoV and SARS-CoV-2 share the similarity in making an entry into the host cell through the ACE2 receptor. In addition to the type 2 cells in the lungs, both the bile duct cells and hepatocytes also express ACE2, which might be the reason that liver injury occurs during SARS-CoV-2 infection \[[@bb0515]\]. The bile duct epithelial cells are involved in immune responses and the regeneration of the hepatocytes \[[@bb0520]\]. Besides possessing a high number of ACE2 on its surface, bile duct cells are more prone to the SARS-CoV-2 infection resulting in liver injury, which indicates that the hepatocytes are not directly involved in the hepatic injury \[[@bb0185]\]. The histopathological manifestations of SARS-CoV-2 infected patients revealed mild lobular and portal activity and restrained microvascular steatosis \[[@bb0525]\]. The degree of liver damage is directly proportional to the severity of the SARS-CoV-2 infection. Still, the reason for the liver injury remains elusive. A recent study reported that the use of anti-viral medication lopinavir might result in hepatic damage \[[@bb0510]\]. Therefore, whether the liver injury is due to the virus entry or due to the drugs used as anti-viral medication needs to be elucidated.

6.6. SARS-CoV-2-lung injury {#s0120}
---------------------------

It was possible to study the lung pathology of COVID-19 patients diagnosed with COVID-19 retrospectively after undergoing lung lobectomy surgery for adenocarcinoma. Also, the patients didn\'t present pneumonia at the time of surgery, indicating the initial stages of COVID-19. A female patient who was 80 years old was hospitalized due to an irregularly shaped solid nodule in the right middle lobe. On a postoperative day 1, a CT scan was performed, which indicated a few clinical manifestations. Later, the patient was presented with increased leucocytes, decreased lymphocytic count, chest tightness, wheezing, dry cough, and difficulty in breathing. Later findings confirmed that SARS-CoV-2 infected her from a patient in the same room who was already affected. Another patient who was 73 years old and had a medical history of hypertension from 20 years who underwent surgery for adenocarcinoma was discharged on the 6th-day post-operation. On postoperative day 9, the patient exhibited chest tightness, muscle pain, dry cough, and decreased lymphocytic count. His CT-scan findings revealed for viral pneumonia, and he was also tested positive for the 20,189-nC0V test. He was admitted to the infectious disease ward. After, 20 days he was discharged as he recovered. Histopathological findings showed focal reactive hyperplasia of pneumocytes with patchy inflammatory cellular infiltration, edema, multinucleated giant cells, protruding hyaline membranes, and proteinaceous exudates \[[@bb0530]\] (represented in [Table 1](#t0005){ref-type="table"}).

The patients, who are recovered from COVID-19, have a possibility of chronic lung damage. Out of 70 COVID-19 pneumonia patients, 66 patients have lung damage in a different manner, which was determined by CT. This damage is in a diverse range; in the alveoli, there is a hardened tissue with the dense clumps which block the vessels in the tiny air sacs, which absorb the oxygen and cause tissue lesions. This tissue lesion acts as a sign of the long-term lung disease. Similar reports have been found in both the SARS CoV and MERS. The patients admitted with lung pneumonia shows damage in both the lungs. The CT scan of the COVID-19 patients indicates that there is a tissue lesion found over the alveoli and which can develop into the scars. There are \>2.9 million people have COVID-19 disease worldwide, according to April 27. 80% of the patients are having a high risk of problems, such as from breathing to respiratory failure \[[@bb0535]\].

6.7. SARS-CoV-2-CNS risk {#s0125}
------------------------

Mathew reported that it might be due to the obstructions in the nervous system, which may restrict the entry of air into the lungs \[[@bb0540]\]. The virus enters the medullary neurons during the latency phase. A possible mechanism explained was that the SARS-CoV-2 might enter the olfactory lobe of the brain through nasal chambers upon inhalation and may lead to inflammation and demyelination. Later, it spreads to the whole brain due to its ability to cross the blood-brain barrier. Some neurological symptoms exhibited by the COVID-19 infection patients include nausea, vomiting, and headache (represented in [Table 1](#t0005){ref-type="table"}). Since the SARS-CoV-2 possess the ability to cross the blood-brain barrier, it is important to design the drugs in such a way that they can cross the blood-brain barrier and scavenges the brain from viral infection. Also, it is essential to note that the respiratory illness accompanies neurological invasion by the virus, therapeutic care must be taken to prevent the viral entry into the central nervous system (CNS) \[[@bb0035]\].

6.8. SARS-CoV-2 -- immunopathology {#s0130}
----------------------------------

SARS-CoV-2 infection mediates immune response, both innate and adaptive. The enhanced level of the innate response and decreased level of adaptive causes tissue damage. Upon viral infection, there is an immune response. T cells, especially the cluster of differentiation 4 (CD4+) and a group of differentiation 8 (CD8+), have an anti-viral role. CD8+ T cells are highly cytotoxic, and they killed infected cells. This T cell induces the pro-inflammatory cytokines through nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) signaling. This process further activates the cytokines and chemokines \[[@bb0035]\]. Similar to SARS-CoV, MERS, SARS-CoV-2 infection in the immune effector cells are also having the enhanced level of the cytokines such as IFN-γ, IFN-α, IL-6, IL-1β, IL-18, IL-12, TGFβ, IL-33 and TNF-α and chemokines such as CCL2, CCL5, CCL3, CXCL10, CXCL9, and CXCL8. Similar to this, severe MERS-CoV infected patient\'s serum shows an increased level of the cytokines and chemokines. This cytokine storm further causes multiple organ failures to further leads to the death of the SARS-CoV-2 patient \[[@bb0545]\].

On the other hand, the T-cells are having four types of it, such as Th1, Th2, Th17 (inflammatory), and anti-inflammatory Tregs. These Th2 cells generate IL-4 cells. The compound which can block the Th1 (Boost immune system) tends to augments the level of the Th2 (anti-inflammatory response). IL-4 triggers the Th2 cells and obstructs the Th1 response. This Th2 helps to repair form tissue dysfunction and another type of malfunction. It is found to be good that the increased level of the Th1 and Th17 plays an important role in hyperactive immune response and during autoimmune conditions. It is showed that there is an induction of the Th1/Th17 and the production of antibodies upon COVID-19 condition \[[@bb0550]\]. Contradict to this; the patient has a high level of Th2 in need of intensive care \[[@bb0555]\]. During the MERS condition, there is a reduced level of both the Th1 and Th2, which further enhances the inflammatory cytokines and causes more infection and death \[[@bb0560]\]. SARS patients who died with an older age have higher cytokines of Th2, such as IL-4, IL-10, and IL-5 \[[@bb0565]\]. This incidence supports the increased Th2 level of COVID-19 patients who needs intensive care. The mechanism behind this is based on the molecular weight of the protein of SARS-CoV2; the activity of the immune system is changed. The recent research by the F. Javier Martín Oncina in 2020 showed that based on the antigen molecular weight, the host\'s immune response is varied. The proteins of the SARS-CoV2 are spike protein with 140 kDa, Envelope protein with 10 kDa, Membrane protein with 25 kDa, and nucleocapsid protein with 50 kDa. The protein with more than \>70 kDa, such as spike protein, cannot be arrested by the B-cell, thereby it activates the inflammatory response through the Th1 response with the macrophages. This process occurs in the subcapsular sinus and through dendritic cells phagocytosis. The other proteins with \<70 kDa are found in the protein of SARS-CoV2, which activates the receptor of B-cell and stimulates Th2 immune response. The unremittingviral particle overload, which is unrestricted by the viral cell lysing, will be terminated by the Th1 (pro-inflammatory response). Further, it increases the protein level with a weight of \<70 kDa stimulates the B cells in large amounts. This induction of the B-cells leads to the condition called as Activated Induced Cell Death (AICD), which speediness the apoptosis and release of pro-inflammatory cytokines cause lymphopenia, thereby it produces IL-10, augments the shift of Th2 form Th1 response which causes further suppression of immune system, COVID-19 sepsis \[[@bb0570]\]. Correlative to that that COVID-19 patients with the high level of Th2 immune response need intensive care \[[@bb0555]\], which shows that they might be having apoptosis, lymphopenia, and suppression of immune system further causes COVID-19 sepsis \[[@bb0570]\]. Though the cell death is via Th2 immune response but the level of IL-4 is not elucidated yet. The role of IL-4 and its mechanism behind COVID-19 remain elusive (Represented in [Fig. 2](#f0010){ref-type="fig"} ).Fig. 2SARS-CoV-2 enters into the host cell via binding with the cellular receptor ACE-2. It undergoes the fusion with the joining of the plasma membrane and the virus. Then it undergoes the process of the proteolytic cleavage; further, it will undergo replication and lead to the formation of the proteins. This process activates the signaling pathway, such as the NF-kB pathway, via TRIF. The interaction between the cells and the virus activates many cytokine storms. On the other hand, once the virus enters into the cell, the antigen present in that would undergo the antigen presentation cells (APC); further, this stimulates the humoral and cellular immunity. COVID-19 infects the macrophage cells, which presents to the T cell, further, which leads to the activation, differentiation of T-cells, along with the production of cytokines. This shows the negative action on the activation of CD8 T cells. Thus the mediator produced by the CD8+ T cells clears the infection of SARS-CoV. Upon COVID-19 infection, there is a reduced CD4+ and CD8+ cell level, further increasing the cytokine level in the cells, which triggers the inflammation. This mediates the production of the cytokine storm via secreting chemokine and cytokines such as IL-1β, IL-6, TNF-α, IL-8, IL-21, CCL2, CCL3, CCL5, CXCL10, TNF-β, and MCP-1 and triggers the tissue injury. On the other hand, based on the weight of the protein of SARS-CoV2, there is an activation of Th1/Th17 (boosts immune system) when the spike protein is \>70 kDa. In case of the Th2 (anti-inflammatory) is activated by the majority of the protein with \<70 kDa, then the activation of the B-cell receptor, which causes activation-induced cell death such as apoptosis and lymphopenia which is by releasing IL-10, shifting of Th1 to Th2 immune response, suppression of the immune system and further leads to the COVID-19 sepsis. The role of IL-4 has not been elucidated yet. It remains unanswerable upon COVID-19 condition with the mechanism of Th2 and Th1/Th17.Fig. 2

The wet lung is also known as acute respiratory distress syndrome (ARDS). The patient with COVID-19 has lung edema, and it needs more attention clinically. Lung edema is found to be a symptom of acute lung injury, which development to hypoxemia condition and which leads to acute respiratory distress syndrome (ARDS). The patients who are found with ARDS have more mortality. Though there is no proper treatment or vaccine treatment, ventilation with the therapy of oxygen and ventilation mechanically is mandatory. Sometimes, the treatment with the glucocorticoids (systemic or locally) would help attenuate lung edema and pulmonary inflammation \[[@bb0575]\]. But there is a need for more research to correlate the cytokine storm with wet lung pneumonia in COVID-19 patients.

6.9. SARS-CoV-2 -- ocular risk {#s0135}
------------------------------

The ACE2 receptors are also widely distributed in the superficial parts such as conjunctiva and cornea inferior parts such as iris, ciliary body, aqueous humor, trabecular meshwork, retina, and non-pigmented ciliary epithelium of the ocular globe which is mentioned out to be the intraocular renin-angiotensin system. Therefore, the distribution of ACE2 and TMPRSS2 protein must be taken into consideration to study the passage of infection through the ocular route \[[@bb0580]\]. Also, there is a chance for the virus to enter into the nasal cavity, which causes respiratory illness and the digestive system through the lacrimal canaliculi aided by the effectiveness of the tear film \[[@bb0585],[@bb0590]\]. Out of 38 COVID-19 positive patients, 12 exhibited clinical manifestations, which include chemosis, epiphora, increased secretions, conjunctivitis, and conjunctival hyperemia. Researchers reported that patients exhibiting ocular symptoms would have elevated neutrophilic and lymphocytic counts, elated procalcitonin, lactate dehydrogenase, and C-reactive protein levels than those without ocular manifestations. The patients with ocular manifestations exhibited severe illness \[[@bb0595]\].

Even though there is no such evidence, the presence of ACE2 and TMPRSS2 protein in the corneal limbal stem cells suggests that the SARS-CoV-2 may enter the bloodstream and travel to the other parts including the brain \[[@bb0600]\]. Even though there is no viral load in the conjunctiva of the SARS-CoV-2 infected patients without conjunctivitis, the risk of transmission of the virus through tears is low \[[@bb0605]\]. The exact mechanism behind the ocular risk and SARS-CoV-2 need to be elucidated further.

6.10. SARS-CoV-2 -- cancer risk {#s0140}
-------------------------------

Cancer patients are highly vulnerable to SARS-CoV-2 infection. 18 out of 1590 COVID-19 positive cases exhibited cancer history. 5 out of 18 patients suffered from lung cancer, 4 out of 18 patients had no past information on medication and had undergone surgery or chemotherapy in the previous month, and the remaining 12 were cancer survivors. The COVID-19 was highly severe in cancer patients than non-cancer COVID-19 affected patients. Also, COVID-19 patients with cancer exhibited a severe chain of symptoms than those without a history of cancer. Also, patients with lung cancer did not exhibit severe symptoms when compared to those with other types of cancers \[[@bb0610]\].

In a retrospective study conducted among 1276 patients, 28 patients who have cancer were selected for the study. The mean age group people belonged to the elderly category, and 60.7% of them were males. Lung cancer was the most frequent type, followed by oesophageal and breast cancers among cancer affected patients. 10 out of 28 patients were presented with IV stage cancer. 28.6% of the patients developed COVID-19 while receiving antitumor therapy, whereas 71.4% of them developed due to the presence of infection in their vicinity. Besides, 39.2% of the patients exhibited chronic co-morbid conditions apart from cancer. 28.6% of patients died, and the remaining patients developed serious consequences even after receiving anti-viral and corticosteroids. The most common complication developed by the patients includes septic shock, acute myocardial infarction, and ARDS \[[@bb0615]\]. Therefore, more focus should be laid on the research for medication and treatment options for COVID-19 affected cancer patients. More studies are required to determine the exact mechanism behind cancer and SARS-CoV-2.

6.11. SARS-CoV-2 -- tuberculosis {#s0145}
--------------------------------

A study was conducted in February 2020, Shenyang, China, which involved 36 COVID-19 positive patients and was classified based on the severity of the symptoms as mild and critical. The results of these patients were compared with that of the patients affected by pneumonia caused by *Mycobacterium tuberculosis* from Shenyang chest hospital. The study was conducted to determine which one caused severe pneumonia, either the viral or the bacterial strain. Then the severity of tuberculosis was compared between the mild and severe COVID-19 cases and confirmed that tuberculosis due to mycobacterial strain affected patients are more susceptible to COVID-19 and enhance the severity of COVID-19 \[[@bb0620]\]. Patients with HIV undergoing treatment with antiretroviral medicines exhibit weak immune systems and are more susceptible to viral infections. Also, until now, only one HIV case had been reported with COVID-19 infection from china. The patient recovered from the infection the same as that of those without HIV. There is no evidence on whether HIV patients are more susceptible to COVID-19 infection \[[@bb0625]\].

The COVID-19 associated TB is found in 94th day of the nonexistence of public health interventions and 138th day in the occurrence of interventions. This occurs at the peak of an outbreak where the implementation of the intervention, out of it 11,066, is with the presence of interventions. 27,968 COVID-19 cases found in the absence of interventions, out of it 14,823, are with no interventions. This scenario shows that there is a need to take preventive measures of TB associated with COVID-19 patients. They need a prior diagnosis and proper management \[[@bb0630]\]. The main reasons for mortality are age, sex, and other co-morbid factors such as diabetes, cardiovascular diseases, and renal diseases are the main reasons for mortality.

6.12. SARS-CoV-2 -- Venous thromboembolism {#s0150}
------------------------------------------

People affected with pneumonia are more prone to venous thromboembolism. Out of 1026 COVID-19 patients, 40% of them exhibited high risk, and 11% of them at high risk of developing venous thromboembolism without any prophylaxis. Prophylactic measures can prevent venous thromboembolism. Only 7 out of 140 patients at high risk for venous thromboembolism had recorded about the anticoagulation treatment. And 44 out of 407 exhibited a higher risk for bleeding. In these patients, the mechanical compressions such as intermittent pneumatic compression and elastic compression stockings are instructed, and the duration and dosage of anticoagulants should be adjusted. Also, the COVID-19 patients, along with other co-morbid conditions such as cardiovascular manifestations, respiratory failure, renal and hepatic problems, can affect the bleeding status and venous thromboembolism. Therefore, further investigations are required to reduce the risk due to venous thromboembolism and bleeding in the case of COVID-19 patients \[[@bb0635]\].

6.13. SARS-CoV-2- reproductive risk {#s0155}
-----------------------------------

Viral infections during the first 20 weeks of gestation have shown to be more severe. The infections, such as SARS and MERS, which occurred due to coronaviruses, had reported an increased risk for pregnancy-related mortality and morbidity. Such cases among COVID-19 affected patients are not yet reported. Nine women who are in their third semester and infected with COVID-19 were reported to have outcomes as that of non-pregnant COVID-19 affected adults. In another study, out of 33 newborn infants, three infants were shown to be tested positive for COVID-19 who got the disease transferred from their mother through intrauterine vertical transmission mode \[[@bb0640]\].

6.14. SARS-CoV-2 -- mental illness {#s0160}
----------------------------------

According to a report, out of a group of 50 COVID-19 cases from a psychiatric hospital in Wuhan, China has uplifted the worry about the role of mental disorder in coronavirus transmission. The conditions include incomplete or no awareness of the risk, inability to have personal protection, and cognitive impairment. The treatment has become more challenging for people with COVID-19 infection and health disorders as co-morbid conditions \[[@bb0645]\].

6.15. SARS-CoV-2 -- aging and cardiovascular risk {#s0165}
-------------------------------------------------

It has been reported that the expression of ACE2 reduces with the increasing age. Since young patients possess high levels of ACE2, they are more prone to COVID-19 infection. Whereas, in old age people other than reduced ACE2 levels, other co-morbid conditions such as cardiovascular problems, diabetes, and hypertension might be present. The medication prescribed for these patients helps in elevating the ACE2 levels, which might enhance the viral entry. Though the treatment reduces the co-morbid severities, the viral infection is enhanced in those patients. Therefore, it is conclusive that young patients, even though they are more susceptible to the COVID-19 infection, they are less severely affected and exhibit elevated angiotensin II signaling. Whereas, the older patients who exhibit low levels of ACE2 and higher angiotensin II signaling leads to hypertension. The usage of ACEi and ARBs help in promoting the vasodilatory effects by elevating the ACE2 levels, thereby becoming susceptible to COVID-19 infection and are severely affected \[[@bb0650]\].

7. Therapeutics for coronaviruses {#s0170}
=================================

Ribavirin, an anti-viral agent, is a nucleoside analog and is used for the treatment of SARS-CoV infection. The mechanism of action of this drug includes that the drug inhibits the DNA and RNA replication, disrupting the synthesis of guanosine triphosphate by the inhibition of inosine monophosphate dehydrogenase enzyme \[[@bb0655], [@bb0660], [@bb0665]\]. 5′ triphosphate metabolite of ribavirin, which inhibits the virus\'s polymerase activity, viral capping inhibition, and induces lethal mutagenesis in the RNA genome of the virus, resulting in the anti-viral effect of ribavirin \[[@bb0670]\]. The route of drug administration includes aerosol, oral, and intravenous. This drug is used to treat SARS-CoV infection. It has resulted in severe adverse effects, including anemia in about 27--59% of tested patients, which further led to dreadful outcomes such as tissue hypoxia \[[@bb0675], [@bb0680], [@bb0685], [@bb0690]\]. Also, it elevated the levels of transaminases and resulted in hypocalcemia, hypomagnesemia, developed the risk of teratogenicity and bradycardia \[[@bb0695]\].

Lopinavir and ritonavir, protease inhibitors are used in combination to treat SARS-CoV as the drugs were effective against the virus \[[@bb0675]\]; whereas, this combination is usually used in HIV treatment. The ritonavir inhibits the CYP3A metabolism of lopinavir, thereby making the drug available for a longer time by increasing the serum concentration. The lopinavir and ritonavir exhibited very few adverse effects, and beneficial outcomes of this combination of drugs include decreased viral load, increase in the lymphocytic count, and a reduced need for "rescue" pulse steroid doses \[[@bb0700]\]. Viral infection activates the immune system. The corticosteroids have been used to eliminate and inhibit the cytokine storm and further, which has been initiated by the virus. The viral infection affects a cascade of the immune system, which leads to the production of cytokines such as tumor necrosis factor, IL-1, IL-6, and interferon-gamma, which results in injury to the tissue \[[@bb0705],[@bb0710]\].

Another possible treatment is the usage of convalescent plasma where the plasma from a recovered patient is transferred to an infected patient, which results in the adaptive immune response against the infectious agent since the recovered patients have antibodies against the infectious agent. The convalescent plasma had been shown as a better treatment option for SARS-CoV affected patients. This treatment reduced the mortality rate, improved the medical condition of the patient \[[@bb0715], [@bb0720], [@bb0725], [@bb0730]\].

According to the Chinese report, in-vitro treatment of SARS-CoV-2 with hydroxychloroquine had resulted in the inhibition of SARS-CoV-2 growth. Along with hydroxychloroquine, azithromycin was also administered at a dosage of 500 mg, the patients treated with a combination of hydroxychloroquine and azithromycin exhibited 100% cure and tested negative for PCR results; whereas, the patients treated with hydroxychloroquine alone exhibited only 57.1% success rate. This combinational therapy might be an approachable way to cure COVID-19 and needs to be tested over a large sample size \[[@bb0735]\]. Another drug combination, which includes lopinavir and ritonavir, had no in-vitro evidence for COVID-19. Also, the clinical trials are being carried out on malarial drugs chloroquine and hydroxychloroquine (represented in [Table 2](#t0010){ref-type="table"} ). Some scientists say that these drugs are not recommendable against SARS-CoV-2. Since there are no scientific proofs available and it might be harmful, leading to heart arrhythmia.Table 2Elucidating various drugs used to treat SARS-CoV, MERS-CoV, and SARS-CoV-2, along with their mechanism of action and adverse effects.Table 2S. no.DrugEffective againstMechanism of actionAdverse effectsReferences1.RibavirinSARS-CoVAnti-viral nucleoside analog -- inhibits the viral genomic replicationAnemia, hypocalcemia, hypomagnesemia, developed the risk of teratogenicity and bradycardia\[[@bb0590]\].2.LopinavirSARS-CoVProtease inhibitorsDiarrhea, nausea, vomiting, headache\[[@bb0610]\]3.RitonavirSARS-CoVProtease inhibitorsDiarrhea, nausea, vomiting, headache\[[@bb0610]\]4.MethylprednisoloneSARS-CoVAnti-inflammatory effectThe onset of diabetes, avascular necrosis, osteoporosis.\[[@bb0660],[@bb0665]\]5.CorticosteroidsSARS-CoVInhibits pro-inflammatory effectsAspergillosis and fungal superinfection\[[@bb0245],[@bb0670]\]6.Methylprednisolone (0.5--1 mg/kg) followed by hydrocortisone (100 mg/8 h) and pulse doses of methylprednisolone (0.5 g for 3 d)Lung diseases----\[[@bb0620]\]7.Convalescent plasmaSARS-CoV, MERS-CoV, SARS-CoV-2Adaptive or passive immune response--\[[@bb0675],[@bb0695]\]8.Lopinavir/ritonavirMERS-CoV, SARS-CoV-2Not effective against MERS, anti-viral therapy for pneumonia caused by SARS-CoV-2Diarrhea, nausea, vomiting, headache\[[@bb0700]\]9.Pegylated interferon-αHepatitis-C, MERS-CoVInhibits DNA synthesisDiarrhea, nausea, vomiting, headache\[[@bb0700]\]10.Lopinavir/ritonavir and IFN-βMERS-CoVImproves pulmonary, reduce viral load, and necrosis in lungs and extrapulmonary tissuesDiarrhea, nausea, vomiting, headache\[[@bb0715],[@bb0720]\]11.HydroxychloroquineSARS-CoV-2, MalariaBlocks maturation of endosome, maturation and its function by inhibiting the release of virions in the infected cellDiarrhea, nausea, vomiting, headache, dizziness\[[@bb0560]\]

7.1. SARS-CoV-2 and anti-TNFα treatment {#s0175}
---------------------------------------

The SARS-CoV-2 mild/moderately affected patients exhibit symptoms such as dry cough, fever, and shortness of breath. In the case of severely affected individuals, hyperactivation of immune cells leads to the cytokine storm, which is created upon SARS-CoV-2 infection, resulting in the inflammation at the targeted tissues. Therefore, inhibiting the pro-inflammatory candidates might be a potential therapeutic option to treat COVID-19 \[[@bb0740]\]. Anti-TNF therapy was approved and has been utilized for 20 years as a promising option to treat autoimmune diseases such as ankylosing spondylitis, rheumatoid arthritis, and inflammatory bowel disease \[[@bb0745]\]. TNF is the key enhancer of inflammation and also present in the blood of COVID-19 severely affected patients \[[@bb0750]\]. Therefore, prescribing anti-TNF therapy may help to prevent the aggression of the infection. It has been reported that patients with inflammatory bowel disease contracted with COVID-19. One hundred sixteen patients were on anti-TNF therapy, of whom 99 recovered, and only one patient died. Therefore, the usage of anti-TNF therapy may stand as a promising therapy to prevent the progression of the viral infection by inhibiting the key pro-inflammatory cytokine TNF \[[@bb0740]\].

7.2. SARS-CoV-2 and soluble ACE2 receptor {#s0180}
-----------------------------------------

ACE2 is required for the degradation of Ang II to Ang (1--7), reducing the blood pressure through vasodilation. ACE2 exists as both membranous forms, which are found to be anchored to the plasma membrane and the soluble form, circulating in the bloodstream but at a lower proportion \[[@bb0755],[@bb0760]\]. Besides serving as an entry point for SARS-CoV-2, the higher levels of ACE2 are required by the hypertension patient to reduce the blood pressure. Therefore, the ACE2 levels need to be maintained besides inhibiting the entry of SARS-CoV-2. Thus, the usage of human recombinant soluble ACE2 (hrsACE2) which exhibited positive results in the phase I and phased II clinical trials to elevate the soluble form of ACE2that competes with the membranous ACE2 for binding with SARS-CoV-2 and inhibits the viral entry and replication can be considered as a therapeutic option to treat COVID-19. Besides inhibiting the viral entry, it also sustains the ACE2 levels required for the degradation of Ang II \[[@bb0765],[@bb0770]\].

Currently, hrsACE2 has been approved as a treatment option of ARDS. African green monkey kidney derived cell line; namely, Vero E6 was cultured and infected with SARS-CoV-2. Then the infected culture was added with hrsACE2 to estimate the therapeutic potential of hrsACE2. 15 h post-infection, the viral replication was found to be inhibited in a dose-dependent manner with reference to the concentration of hrsACE2 added. The addition of hrsACE2 to the embryonic stem cells derived kidney organoids comprised of proximal tubular cells and podocytes clusters infected with SARS-CoV-2 had shown to reduce the viral replication in a dose-dependent manner. No studies support the in-vivo and the therapeutic roles of hrsACE2 on the pulmonary cells upon SARS-CoV-2 infection \[[@bb0765],[@bb0775]\]. Therefore, the usage of hrsACE2 can be a potential therapeutic option to inhibit the viral infection besides preserving the ACE2 levels and blood pressure in control.

7.3. FDA approved drug for SARS-CoV-2, remdesivir but not effective against it {#s0185}
------------------------------------------------------------------------------

The treatment of remdesivir in COVID-19 patients is not effective against it instead of FDA approved drugs. Out of 236 patients, 158 patients received remdesivir at a dosage of 200 mg on 1st day, followed by 100 mg from days 2--10 daily as a single infusion. 78 out of the 236 patients were assigned to the placebo group and were administered with placebo infusions. The presence and quantification of RNA were carried out on 1, 3, 5, 7, 10, 14, 21, and 28 days after administration of the drug, and the samples were collected as nasopharyngeal, fecal and anal swabs. One hundred two participants from the remdesivir group and 50 participants from the placebo group exhibited adverse outcomes. The adverse effects in the remdesivir group include hypokalaemia, hypoalbuminemia, thrombocytopenia, increased total bilirubin, anemia, and constipation. The placebo group\'s adverse effects include anemia, constipation, elated aspartate, aminotransferases, hypoalbuminemia, elevated total bilirubin, and blood lipids. Many participants discontinued from the remdesivir group due to the severe adverse effects such as respiratory failure or ARDS. Even though remdesivir has been declared an emergency anti-viral therapy by the FDA, it was found that it was not effective against SARS-CoV-2 \[[@bb0780]\].

8. Conclusion {#s0190}
=============

The COVID-19 outbreak in the world has 4,860,260 confirmed cases, 318,687 confirmed deaths, and it reached almost 215 countries around the globe, updated on May 18, 2020, by WHO \[[@bb0785]\]. In India, 100,340 confirmed cases, 3155 deaths, and 39,231 had been recovered from COVID-19 updated on May 18. This COVID-19 is highly associated with the comorbidities and multi-organ injuries \[[@bb0790]\], so, in this review, we focused on the COVID-19 associated with the risk factors of a different diseased condition. Also, we have given the multi-organ injuries and comorbidities in the SARS-CoV and MERS, which was helpful for the prediction of COVID-19 associated diseased conditions. In this review, we have given the comorbidities risk with the COVID-19 and multi-organ injuries along with the symptoms such as cardiovascular risk through the deregulation of ACE2 with the symptom of hypertension and vasodilation. COVID-19 associated gastrointestinal risks are with the symptoms of vomiting, nausea, and diarrhea. Kidney risk associated with COVID-19 is with the symptoms of proteinuria, hematuria, increased albumin, increased level of creatinine, BUN, procalcitonin, aspartate aminotransferase, lactate dehydrogenase leads to chronic kidney disease. Along with that, it is connected with diabetes mellitus with a high sugar level. It has a high level of liver injury, determined through the elevated level of the AST, ALT, GGT, and bilirubin. It has a high level of lung injury with the symptoms of chest tightness, wheezing, and dry cough. It is related to the elevated CNS risk through SARS-CoV-2 enters into the olfactory lobe of the brain via a nasal chamber, further causes inflammation and demyelination. It is connected with the ocular risk with the chemosis, epiphora, conjunctivitis, and conjunctival hyperemia with an increased level of neutrophilic, lymphocytic counts, procalcitonin, and C-reactive protein. It also has a high risk of lung cancer risk, tuberculosis, venous thromboembolism via an increased level of bleeding. It has a high level of reproductive risk, which indicates the baby has a high risk through intrauterine vertical transmission mode (Represented in [Fig. 3](#f0015){ref-type="fig"} ). We have also given the immunopathological action of it along with COVID-19 and therapeutic action of it focused via anti-TNFα and soluble ACE2 receptor. Added data would further notify the handling of high-risk patients associated with SARS-CoV-2, clinicians necessitate being cognizant of the inadvertent penalty of impulsively discontinuing confirmed therapies in reaction to supposed concerns that could be based on deficient investigational confirmation.Fig. 3The symptoms due to the SARS-CoV-2 in normal patients and patients with other co-morbid conditions. The symptoms found SARS-CoV-2 in normal patients and patients with other co-morbid conditions. The typical symptoms that emerged due to SARS-CoV-2 include dry cough, sneezing, and difficulty in breathing, which eventually leads to severe acute respiratory syndrome (SARS). The severity of the SARS not only depends upon the person\'s age and immunity but also various other co-morbid conditions such as cardiac issues, diabetes mellitus, hypertension, tuberculosis, cancer, and venous thromboembolism. The pre-existing co-morbid conditions deteriorate the patient health upon SARS-CoV-2 entry. Also, the SARS-CoV-2 have different effects on different organs which include elevated troponin levels in the cardiac tissue, acute kidney injury, proteinuria and hematuria in the kidney, elevated ALT, AST levels indicating liver damage, conjunctivitis and conjunctival hyperemia in the eye, the intrauterine transmission of the SARS-CoV-2 from mother to the fetus, vomiting, and diarrhea.Fig. 3
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